Changes in the native vasculature of the prostate gland associated with prostate adenocarcinoma have not been well characterized. Eighty-nine whole mounts of entirely submitted radical prostatectomies were reviewed. Thirty prostates with a minimum of five native arteries surrounded by carcinoma with corresponding control arteries were found and included in this study. The number of nuclei in the media of native arteries was recorded per 0.138 mm 2 using a 40؋ objective. The number of nuclei in vessels embedded in carcinoma (n ‫؍‬ 204) was increased when compared with controls (26.37 versus 20.58 mean nuclei per 0.138 mm 2 ; P < .001). Pathologic Stage T3 carcinomas contained vessels that were more cellular than stage T2 (P < .001). Vessels embedded in Gleason Grade 4 showed more cellularity than arteries embedded in Gleason Grade 3 (P < .002).
The incidence and mortality of prostate adenocarcinoma has been increasing over the past decade. Also, there has been increased awareness of the disease in the general population, which has resulted in early detection of this neoplasm (1, 2) . In this regard, increased screening with more sensitive diagnostic tests has resulted in early detection of a great number of small carcinomas with unknown malignant potential in biopsy specimens.
The improvements in early detection have increased the demand for pathologists to categorize the biologic behavior of prostate carcinoma. A number of prognostic markers have been suggested to correlate with pathologic stage, including Gleason grade (3); tumor volume (4); DNA ploidy; and expression of various growth factors receptors, oncogenes, and tumor suppressor genes (5) . However, more accurate predictors of tumor progression are needed to better advise patients for treatment options.
Recently, the potential correlation of tumor neovascularity with progression of disease has been the focus of considerable study. Tumor neovascularity has been reported to correlate with pathologic stage and overall disease-free survival in bladder carcinoma (6) , cutaneous melanoma (7) , and prostatic adenocarcinoma (8) . It is thought that tumorassociated angiogenic factors (i.e., vascular endothelial growth factors, vascular permeability factor) (9) not only promote neoangiogenesis within the tumor but also induce vascularization of stroma surrounding the tumor. Little or no information is available on the changes in the native vessels of slow-growing human prostate tumors. In this article, we investigate changes in the native vasculature of the prostate gland and correlate these changes with Gleason grade and pathologic stage.
MATERIALS AND METHODS

Patient Materials
Radical prostatectomies from 89 patients with a diagnosis of prostatic adenocarcinoma were retrieved from archived materials (Department of Pathology of MCP-Hahnemann University). Thirty prostates with a minimum of five native arteries surrounded by carcinoma with corresponding con-trol arteries were found and included in this study. Five arteries were used as a cut point to ensure sufficient data from individual patients. The median age of the patients was 61 years (range, 46 to 77 years). Sagittal whole mount sections from each specimen were cut and submitted for processing after fixation in 10% neutral buffered formalin as previously described (10) . Sections were cut from each block and stained with hematoxylin and eosin. Each case was independently reviewed by at least two pathologists, who determined the diagnosis, histologic grade, and pathologic stage. The pathologic staging of the tumor was done according to American Joint Committee on Cancer/Union Internationale Contre le Cancer staging scheme.
Measurement of Native Vasculature
The specimens included in the study exhibited a minimum of five native arteries surrounded by tumor and five native control arteries at least two fields of view distance from the tumor foci (10ϫ magnification). On average, the arteries were considered native if they were Ն0.46 mm 2 , based on measurements of the outside diameters. This cut point was chosen to separate native vessels from tumor neovasculature and to allow the plot to be placed on the vessel wall. Both study and control arteries were located in the peripheral zone of the prostate.
Nuclei present in the arterial walls were counted using an Olympus BH-2 microscope with a camera lucida (1.25ϫ Olympus, Japan). A 0.138-mm 2 plot was placed on the most cellular area of each vessel wall using a 40ϫ objective, and the number of nuclei was recorded. Subsequently, the vessels were grouped according to pathologic stage of the patient and Gleason grade (pattern) of the tumor surrounding each vessel.
Calculation of Tumor Volume
The tumor volume was calculated using the following formula:
Tumor volume (cm 3 ) ϭ percentage of prostate involved by carcinoma ϫ prostate volume.
The prostate volume was calculate using the gross measurements of height, width, and length using the formula for calculating volume of an ellipsoid:
V ϭ 0.52 ϫ height ϫ length ϫ width
The percentage of prostate volume involved with tumor was calculated using a modification of the grid method (11) . Briefly, the areas of tumor were outlined with a marker on the glass slide, and a transparent grid with 5-mm squares was overlaid on the 7.5 ϫ 5-cm glass slide. The number of squares that the tumor intersected was recorded as well as the number of squares that overlaid the prostatic tissue. A ratio of the total number of squares intersected by carcinoma over the total number of squares over prostatic tissue was calculated for each case, and the percentage of prostate involved by carcinoma was calculated.
Immunohistochemistry
Sections from formalin-fixed, paraffin-embedded tissue were labeled with smooth muscle actin monoclonal antibody 1A4 (Sigma, St. Louis, MO) for 3 h after antigen retrieval with citrate buffer (pH 7.0) and steam for 20 min according to a method previously described (12) . The sections were then sequentially incubated with biotinylated immunoglobulin secondary antibody, avidin conjugated horseradish peroxidase, and diaminobenzidine chromogen (Sigma) followed by copper sulfate enhancement and counterstained with hematoxylin. Positive control slides of myometrium were processed with each batch. Negative control slides were also processed using a nonspecific immunoglobulin IgG (Sigma) at the same concentration as the primary antibody. The control slides were processed with the automated staining procedure identical to that used for the primary antibodies.
Statistical Analysis
Mean differences between tumor and control vessels were compared using a paired t test. Comparisons between patient groups were assessed with unpaired t tests and/or Mann-Whitney U tests. A discriminant analysis was performed to determine whether pathologic stage could be predicted by the cellularity of the vessels encased in carcinoma. A Pearson correlation to asses the relationship between tumor volume and media cellularity was performed. SPSS statistical package, version 6.2 (SPSS, Inc., Chicago, IL) was used for all calculations.
RESULTS
Changes of Native Arteries Surrounded by Tumor
In sagittal whole mount sections, the vasculature runs from the peripheral zone at the posterolateral area toward the urethra. The larger arteries are usually located in the peripheral zone near the capsule of the prostate in the posterior lateral area. At least five thickened hypercellular small arteries or larger arterioles (Ն0.46 mm 2 ) were identified within the tumor (entirely surrounded by tumor) or in the area directly adjacent to the tumor (at least one side of the vessel wall in contact with tumor) in 30 of 89 (34%) cases studied ( Figs. 1 and 2 ). All vessels studied were located within the prostate and in the peripheral zone. Light microscopic examination of the vessels surrounded by tumor and that of control vessels revealed few differences in the appearance of the endothelial cells. The major differences were found in the media. Vessels in the vicinity of carcinoma had media hypercellularity. The cells had rounder nuclei with abundant eosinophilic cytoplasm, indistinguishable cell borders, and inconspicuous nucleoli arranged in a concentric or haphazard pattern resembling glomus cells (Fig. 3) . These cells showed smooth muscle differentiation being positive for smooth muscle actin (Fig. 4) . The outer adventitial layer appeared thickened with fibrotic connective tissue, which exhibited a variable degree of hyalinization when compared with control vessels. However, increased cellularity was not present in the adventitia. All of these changes resulted in an increase in thickness of the vessel wall when compared with controls (data not shown). No fibrinoid necrosis of the media, lymphocytes, giant cells, granulomata, or atheromatous changes was observed.
Measurement of Media Cellularity
Vessels embedded in carcinoma and paired control vessels from each case were identified. A total of 204 native vessels with matched controls were selected from 30 of 89 cases. Media cellularity was counted without knowledge of the pathologic stage and the Gleason grade of the overall tumor nodule. Tumor and control vessels were compared on the per-patient analyses by paired t test. This compar- 
vessels (mean, 20.58; SD, 2.17). The mean difference was 5.78; a 95% confidence interval indicated that the true mean difference was probably between 4.56 and 7.00. (Fig. 5) .
Correlation with pathologic stage
Vessels from patients with pathologic Stage T2 (n ϭ 7) and stage T3 (n ϭ 23) were compared. Vessels embedded in Stage T3 tumors (mean, 27.38; SD, 3.54) were more cellular than Stage T2 tumors (mean, 23.02; SD, 2.24). The differences were significant, (P ϭ .005 by unpaired t test) (Fig. 6 ). The mean difference was 4.37 in favor of greater cellularity in Stage 3, and a 95% confidence interval for the true difference was 1.44 to 7.29. In addition, group-comparison analysis was performed using individual vessels as the unit of analysis. A MannWhitney U test was used because values were not normally distributed. Vessels in pathologic Stage T3 were significantly more cellular than the vessels in Stage T2 disease (P Ͻ .001).
To determine whether pathologic Stage T2 versus T3 could be predicted by the cellularity of the vessels encased in carcinoma, discriminant analysis was used. When assuming that both pathologic stages are equally common, the analysis was able to classify 21 of the 30 patients (70%) correctly, using the mean number of nuclei within the media of arteries encased in carcinoma for each patient as a predictor. It correctly classified 5 of 7 Stage T2 patients (71%) as Stage T2 and 16 of 23 Stage T3 patients (70%) as stage T3. If Stage T3 is taken as the "abnormal" and Stage T2 as the "control," then these correspond to a sensitivity of 70% and a specificity of 71%. Using the same analogy, the positive predictive value of pathologic Stage T3 based on media cellularity would be 16 of 18 (89%). Unfortunately, the negative predictive value of pathologic Stage T2 is only 5 of 12 (42%).
When using the actual frequency of pathologic stages in a studied population, the analysis classified 87% correctly. Only 4 of 7 (57%) Stage T2 patients were correctly classified as pathologic Stage T2 on the basis of media cellularity of vessel encased in carcinoma. However, 22 of 23 (96%) Stage T3 patients were correctly classified as such. The sensitivity is 96%, with a specificity of 57%. The positive predictive value is 22 of 23 ϭ 88%, with a negative predictive value of 4 of 5 ϭ 80%.
Correlation with Gleason grade
Patients had carcinoma with one or several Gleason grades that encased native vessels. For each patient, a predominant Gleason pattern was selected. In the case of a tie, the highest score was used for the per-patient analyses. Comparing the 18 patients with Gleason pattern 4 (mean, 27.04; SD, 3.86) with the 9 patients with Gleason pattern 3 (mean, 24.17; SD, 2.67), the mean cellularities were significantly different, albeit not so strongly as for pathologic stage (Figs. 1 and 2) . The unpaired t test returned a P value of 0.028, one-tailed. The mean difference was 2.88 in favor of greater cellularity for Gleason 4 . The Mann-Whitney U test using the Gleason pattern of the carcinoma surrounding the individual vessels showed significantly more cellularity in Gleason pattern 4 than Gleason pattern 3 (P ϭ .002) (Fig. 7 ). There were only 12 paired vessels identified in three patients with Gleason pattern 5. The mean nuclei was 29.50 Ϯ 0.47, which was 13.7% more compared with controls and 6.9% more than that of the Gleason pattern 4 group. No statistically significant differences were achieved between these groups. No differences in vessel cellularity were found when vessels were grouped according to size.
Correlation between tumor volume and media cellularity
The mean tumor volume was 6.91 Ϯ 1.36 cc. Correlation between tumor volume and mean vessel cellularity was analyzed using Pearson correlation. There was no significant correlation between the tumor volume and media cellularity (r ϭ .34, P ϭ .196), although higher volume carcinomas showed a tendency for higher media cellularity.
DISCUSSION
In this study, we have shown for the first time that within prostatic carcinoma, the walls of native arteries have markedly hypercellular media when compared with controls. In addition, occasional increased fibrosis and focal hyalinization of the adventitial layer was noted in the tumor-associated vessels.
This vascular change had a sensitivity of 96% of predicting pathologic Stage T3, although it had a low sensitivity of 56%. Because this change is seen in larger vessels that are located mostly in the posterolateral area, it is less likely to be present in biopsy specimens, especially if a mid-lobar approach is used in obtaining the biopsies (13) . However, this study demonstrates that when present, it can predict pathologic Stage T3 and therefore should be included in the biopsy report.
Analysis of the relationship of increased media cellularity with pathologic stage showed that increased media cell density correlated closely with higher pathologic stage (Stage T3 versus T2) having a high positive and negative predictive value. The relationship between Gleason grade and increased media cellularity also showed higher media cellularity for Gleason Grade 4 when compared with Gleason Grade 3. Note that although the changes in the Gleason Grade 5 group were not statistically significant, the same trend was apparent.
These findings seem to indicate that arteries with increased media cellularity provide a marker associated with aggressive carcinoma. It is important to point out that by requiring a minimum of 5 arteries (Ͼ0.46 mm 2 in diameter), we inherently selected for carcinomas with a larger tumor volume. This is further demonstrated by having fewer pathologic Stage T2 and Gleason Grade 1 or 2 carcinomas in the study.
There is a need for accurate preoperative predictors of pathologic staging in prostate cancer. Conventional imaging modalities (14) , serum prostatespecific antigen levels, Gleason grading, and tumor volume in needle biopsies (15) have been consistently correlated with pathologic findings in prostatectomy specimens in the individual patient (16, 17) . However, their predictive value has been inadequate on a patient-by-patient basis, particularly in cases in which moderately differentiated carcinomas (Gleason Grade 3) were diagnosed by needle biopsy (18) .
In human tumorigenesis, angiogenic induction plays a critical role in the growth and metastasis of tumors (19, 20) . Some authors (8, 21, 22) have established a quantitative relationship between tumor neovascularization with recurrence and progression in prostate cancer, although others have not found correlation with clinical outcome (23) . Tumor microvessel density/vascular endothelial growth factor expression has also been shown to predict biologic behavior in prostatic cancer (24, 25) . However, no studies have been published on the importance of tumor-associated changes in the native vasculature. We observed that vessels surrounded by prostatic adenocarcinoma have thickened vascular walls, increased media cellularity, and, occasionally, increased fibrosis of the adventitial layer. These changes occurred in approximately one third of cases, are easily seen in the peripheral zone of the prostate, and are significantly different from control vessels in the same patient. More important, these findings seem to be associated with higher pathologic stage and higher Gleason grade, which are indicators of clinically significant prostate carcinoma.
The mechanisms that contribute to increased cellularity of the vessel media are not known. Two possible hypotheses can be put forward. First, this change can be due to a process of recruitment of prostatic stromal cells into the vessel media. In the complex milieu of tumor-stroma interaction, it is probable that several factors involved in different aspects of the angiogenic process are required for the increased media cellularity of vessels. Most likely, a group of angiogenic growth factors including angiopoietin-1, platelet-derived growth factor-␤, heparin-binding epidermal growth factor-like growth factor, tissue factor, and endothelin may be released from an interaction between tumor cells and endothelial cells. Release of these angiogenic growth factors into the surrounding stroma would directly stimulate pericytes/smooth muscle cells to migrate into the vessel wall. However, no increased cellularity is seen in the adventitia of the hypercellular vessels (data not shown). We do not favor proliferation because MIB-1 expression in the cells in the media was absent (data not shown). The second hypothesis is related to local increases of intravascular pressure. This can be the result of increased neovascularization within the carcinoma, which in turn could increase the blood flow to areas of carcinoma. With increased blood flow into the carcinoma, localized areas of increased intravascular pressure in the native arteries could be created, resulting in increased cellularity of the media. This phenomenon might be similar to the vascular changes seen in acral arteriovenous tumor where shunting from arterial to venous channels, with subsequent increase of blood flow, give a characteristic thickened and cellular aspect to the media of the vessels (26) .
